Since the observation that some cancer patients underwent remission in response to viral infection, cancer virotherapy has attracted increasing attention.[@R1] Marked progress has been made in this field following the development of oncolytic viruses, i.e., viruses (including attenuated strains) that selectively replicate in cancer cells.[@R1]^,^[@R2] Of note, the oncolytic activity of these viruses is generally lost following irradiation.[@R3] Thus, replication appears to be required for oncolytic viruses, be they virulent or attenuated strains, to selectively kill cancer cells, although various cellular targets that may mediate this function have been identified.[@R2] Therefore, inactivated viral particles that fail to replicate and generate viral proteins so far have not been considered for the development of oncolytic viruses.

However, we have recently discovered that a replication-incompetent hemagglutinating virus of Japan (HVJ, also known as Sendai virus) envelope (HVJ-E) induces the apoptotic demise of human cancer cell lines, including prostate cancer PC3 and DU145 cells, mammary carcinoma MDA-MB-231 cells and lung cancer A549 cells, but not of non-transformed cells such as prostate epithelial PNT1 and PNT2 cells as well as primary human fibroblasts.[@R4] We have also found that fragments of the viral RNA genome selectively promote apoptosis in cancer cells via the upregulation of tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) and NOXA downstream of the retinoic acid-inducible gene I (RIG-I)/mitochondrial antiviral signaling (MAVS) pathway ([Fig. 1](#F1){ref-type="fig"}).

![**Figure 1.** Signaling pathway for HVJ-E-mediated anti-tumor effects. Upon fusion with the plasma membrane, the hemagglutinating virus of Japan envelope (HVJ-E) introduces fragments of the viral RNA genome into the cytoplasm, which are recognized by retinoic acid-inducible gene I (RIG-I). The RIG-I/RNA complex associates with the mitochondrial antiviral signaling (MAVS) protein, which in turn promotes the activation of several transcription factors. In cells from the immune system, the RIG-I/MAVS pathway stimulate antitumor immunity via the production of some cytokines such as interferon (IFN)α, IFNβ and CXCL10. In cancer cells, this signaling pathway induces apoptosis upon the activation of pro-apoptotic factors, such as tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) and NOXA.](onci-2-e23566-g1){#F1}

The most striking finding of our recent research is that RIG-I/MAVS signaling can selectively apoptosis in cancer cells, suggesting this may constitute an ideal target for cancer therapy. The RIG-I/MAVS signaling pathway has been well investigated as a protection system that elicits innate immunity upon viral infection.[@R5] Indeed, when dendritic cells are treated with HVJ-E, type I interferon (IFN) and CXCL10 are upregulated upon the activation of the RIG-I/MAVS signaling pathway by viral RNA fragments.[@R6]^,^[@R7] These factors promote in the activation of natural killer (NK) cells and, subsequently, cytotoxic T lymphocytes (CTLs) ([Fig. 1](#F1){ref-type="fig"}). Based on these findings, we first reported that HVJ-E activates antitumor immunity.[@R6] Thus, in immune cells, the RIG-I/MAVS signaling pathway does not cause cell death, yet does so in cancer cells. Besch et al. have reported that synthetic RNA induces type I IFN-independent apoptosis in human melanoma cells via the activation of RIG-I and melanoma-differentiation-associated gene 5 (MDA5).[@R8] According to their analysis, pro-apoptotic molecules including PUMA and NOXA are activated by polyinosinic:polycytidylic acid (polyI:C) or 5′-triphosphate-containing RNA transcribed in vitro in both melanoma cells and non-malignant skin cells, while the expression of the anti-apoptotic molecule BCL-X~L~ is induced in non-malignant cells only. Therefore, they conclude that melanoma-cell specific apoptosis as triggered by the activation of RIG-I and MDA5 occurs via a cytoplasmic pathway regulated by the balance between pro- and anti-apoptotic members of the BCL-2 protein family. In our experiments, the expression of anti-apoptotic proteins, including Bcl-X~L~ and pro-apoptotic molecules such as PUMA and BAX was unchanged upon the administration of HVJ-E to both PC3 and PNT2 cells. Instead, the expression of TRAIL and NOXA was selectively activated in prostate cancer cells, lung cancer cells and breast cancer cells downstream of RIG-I and MAVS. The factors that are responsible for cancer cell-specific apoptosis downstream of the RIG-I/MAVS pathway may therefore vary among cancers.

However, it is still unclear why pro-apoptotic genes are upregulated in cancer cells but not in normal cells downstream of the RIG-I/MAVS signaling pathway. Cancer cells differ from their normal counterparts relative to gene expression pattern, resulting from alterations in chromatin status as imposed by DNA methylation and histone modifications.[@R9] Our findings suggest that the epigenetic regulation of the loci coding for TRAIL and NOXA may vary between cancer cells and their normal counterparts. Based on preliminary experiments, we hypothesize that those loci may be silenced in cancer cells due to DNA methylation and/or histone deacetylation. Signaling via RIG-I/MAVS may therefore successfully relieve such a silencing in malignant cells, but not in normal cells. A detailed analysis of the transcriptional regulation of these (and other) genetic loci will allows us to better understand the mechanisms underlying tumorigenesis,.

Regardless of the molecular mechanism, HVJ-E can induce both anti-tumor immunity and cancer cell-selective apoptosis via the RIG-I/MAVS signaling pathway. As shown in [Figure 1](#F1){ref-type="fig"}, when HVJ-E fuses with the membrane of cells from the immune system, such as dendritic cells and macrophages, antitumor immunity is induced. Conversely, when HVJ-E enters cancer cells, apoptotic cell death is induced. Although the effects of HVJ-E are limited in time due to its inability to replicate, antitumor immune response as induced by HVJ-E may eradicate the residual cancer cells that escape HVJ-E-induced apoptosis. In fact, we have demonstrate the antineoplastic potential of HVJ-E in various animal models.[@R4]^,^[@R7]

It is surprising that HVJ-E induces the apoptotic demise of cancer cells more effectively than live, replication-competent HVJ, with an increase in the multiplicity of infection (moi).[@R4] One of the reasons that underlie this observation may be that HVJ-infected, but not HVJ-E-treated, cells produce the viral C protein, which inhibits apoptosis in infected cells by modulating the activity of signal transducer and activator of transcription 1 and 2 (STAT1 and STAT2).[@R10] It is also possible that the inactive form of the fusion protein F0, which is expressed on the envelope of the viral progeny, may affect negatively their infectivity.[@R7] Indeed, HVJ infection cannot spread to other cells unless F0 is converted to F1 upon proteolytic cleavage.

Thus, HVJ-E may constitute an ideal tool for cancer therapy. Clinical-grade HVJ-E has already been generated and used in clinical trials enrolling melanoma and castration-resistant prostate cancer patients in Japan. Our recent findings provide solid evidence for the clinical application of HVJ-E.
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